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This paper presents the results of an investigation of the dynsmic
stability and controllability of a propeller-driven vertically rising
airplame model which had swept or unswept wings and cruciform tails
with x- or +-orientation. The investigation consisted of hovering
flights in still air at a consider~le height above the ground, hovering
flights very close to the ground, vertical take-offs and landings, flights
through the transition range from hovering to normal forward flight, smd
sideways translational flights. It was found that there were no major
differences in the behavior of any of the nmdel configurateions, and in
general they could all be flown fairly easily in either hovering or tran-
sition flight.

INTRODUCTION

An investigation has been made by the Lsmgley Free-Flight Tunnel
Section to determine the dynsmic stability and control characteristics
of a general-research propeller-driven vertically rising airplane model
which had swept or unswept wings ad cruciform tails with x- or
+-orientation. The model represented approximately a l/8-scale model
of a fighter-t~e vertically rising airplane. The model had large
counterrotatingpropellers powered by a ~-horsepower electric motor.
Control was provided by conventional flap surfaces operating in the pro-
peller slipstream.

The investigation included hovering flights in still air at a con-
. siderable height above the ground, hovering flights very close to the

ground, and vertical take-offs and landings. Flight tests were SJ-SO
made to study the stability and control characteristics of the various

u configurations during slow constant-altitudetransitions from hovering
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to normal forward flight, and in sideways translational flight. Since
there were four configurations and many test conditions for each, and
since testing time was limited, particularly tunnel thne for the trsmsi-
tion tests, the investigationwas necessarily of a general nature. The
results consisted pr~ily of the pilots’ observations of the stability
ad controllability of the model. In some cases, however, time histories
of the motions of the model were obtained from motion-picture records of
the flights.

.

mMENcLATuRE AND SYMBOLS

The terminology used in this paper in referring to the model motions
at all singlesof attack is the ssme as that used for a conventional air-
plane with respect to the body system of axes shown in figure 1. Angulsr
displacement about the fuselage (X) axis is referred to as roll, angular
displacement about the spanwise (Y) sxis is referred to as pitch, and
_ar disp~ac=ent *OU* the no* (Z) axis is referred to as yaw.
Figure 1 shows the positive directions of the forces, moments, and linear
and angular displacements. d

The definitions of the synibolsused in the present paper are as
follows: k

c wing chord, ft

h height of landing gear above ground, f%

Ix moment of inertia about fuselage axis, slug-ft2

Iy moment of inertia about spanwise exis, slug-ft2

Iz moment of inertia about normal sxis, slug-ft2

% rolling moment, ft-lb

% pitching moment, ft-lb

% yawing moment, ft-lb

t time, sec —

v tunnel airspeed in forward-night tests, knots

.

.*.
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which had swept or unswept wings ad cruciform tails with x- or
+-orientation. The model represented approximately a l/8-scale model
of a fighter-t~e vertically rising airplane. The model had large
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Control was provided by conventional flap surfaces operating in the pro-
peller slipstream.

The investigation included hovering flights in still air at a con-
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to normal forward flight, and in sideways translational flight. Since
there were four configurations and many test conditions for each, and
since testing time was limited, particularly tunnel thne for the trsmsi-
tion tests, the investigationwas necessarily of a general nature. The
results consisted pr~ily of the pilots’ observations of the stability
ad controllability of the model. In some cases, however, time histories
of the motions of the model were obtained from motion-picture records of
the flights.

.

mMENcLATuRE AND SYMBOLS

The terminology used in this paper in referring to the model motions
at all singlesof attack is the ssme as that used for a conventional air-
plane with respect to the body system of axes shown in figure 1. Angulsr
displacement about the fuselage (X) axis is referred to as roll, angular
displacement about the spanwise (Y) sxis is referred to as pitch, and
_ar disp~ac=ent *OU* the no* (Z) axis is referred to as yaw.
Figure 1 shows the positive directions of the forces, moments, and linear
and angular displacements. d

The definitions of the synibolsused in the present paper are as
follows: k

c wing chord, ft

h height of landing gear above ground, f%

Ix moment of inertia about fuselage axis, slug-ft2

Iy moment of inertia about spanwise exis, slug-ft2

Iz moment of inertia about normal sxis, slug-ft2

% rolling moment, ft-lb

% pitching moment, ft-lb

% yawing moment, ft-lb

t time, sec —

v tunnel airspeed in forward-night tests, knots

.
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*

x fuselage sxis
4

Y spsmwise sxis

Y displacement along Y-axis, ft

z normal sxis

z displacement along Z-axis, f%

a angle of attack, deg

~a aileron deflection, deg

~e elevator deflection, deg

% rudder deflection, deg

● El approximate angle
zontsl, deg

+ $ approximate sngle

+ approxhate angle

of pitch of thrust axis relative to hori-

of roll, deg

of yaw, deg

APPJwATiJsAm

Model

TESTS

3

The model represented approximately a 1/8-stale model of a fighter-
type vertically rising airplane and had swept or unswept wings and cruci-
form tails with x- or +-orientation. A photograph of the model with
the unswept wing and x-tail is shown in figure 2. Drawings of the model,
along with tables giving the geometric characteristics of the different
components, are shown in figure 3. Figure 3(a) shows the unswept wing
and the x-tail while figure 3(b) gives the details of the swept wing and
the +-tail. The model had am 8-blade, counterrotating, fixed-pitch pro-
peller (two k-blade elements in temdem) powered by a ~-horsepower elec-
tric motor, the speed of which was changed to vary the thrust. The model
was provided with landing shock struts at the tips of the tail which
used metered oil dsmping and an air spring. The wire propeller guard,
shown in the photograph of figure 2, prevented the slack in the flight
cable from becoming fouled in the propellers during flight. The curved
steel rod, which extended from the nose of the mdel mound the propeller
guard to a point on the fuselage near the center of gravity, was P% of
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which is explained in the section entitled “Test

the +-tail the model.had conventional flap con-
trols operating in the propeller slipstream - ailerons on the wings,
elevators on the horizontal tail, and rudders on the vertical tails.
With the x-tail mounted on the model, however, sJ.1four tail controls
moved to give either pitch or yaw control, and roll control was provided
by the ailerons on the wing. The.control surfaces were remotely operated
by the pilots by means of flicker-tyy-e(full-on or off) pneumatic actu-
ators which were controlledby electric solenoids. These actuators were
equipped with sn integrating trimmer which trimmed the control a small
amount in the direction the control was moved each time a control deflec-
tion was applied. An explanation of the control plots contained in most
of the flight records is as follows:

The horizontal line is a reference line which has its origin, not
necessarily at 0° deflection, but at the control trti position required
for hovering flight. The flicker deflection is the control deflection
applied by the pilot. Each time a flicker deflection is applied the
control is trimmed a small smount in that direction, so that if the con-
trol is deflected more times in one direction than in the &her a change
in trim occurs. The trim change is indicated at the right of the plot.

The weight and moments of inertia of the model were:

Weight, lb. . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Ix, slu@2. . . . . . . . . . . . . . . ● . . . . . . . . . . 0.35

Iy, slu@t2. . . . . . . . . . . . . . ... . . . . . . . . . . 1.65

Iz, slug-ti2. . . . . . . . . . . . . . . . . . .“. . . . . . . l.~

—
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Test Equipment and Setup

The take-off, landing, and hovering tests were conducted in ELlsrge
building which provided protection from the random effects of outside
air currents. The tramition from hovering to forward flight and the
sideways flight tests were conducted in the Langley full-scale tunnel.

The test setup used in the take-off, hovering, and landing tests is
illustrated in figure ~(a). The power for the motor and electric sole-
noids and the air for the control actuators were supplied through wires
and plastic tubes. For most of the tests the wires and tties were sus-
pended from shove and taped to the safety cable fronra point about
15 feet above the model down to the model itself. The safety cdble,
which was attached to the nose of the model for the hovering tests, was
used to prevent crashes in case of control failure. For a few of the
tests the flight cable was allowed to trail downward from a point near
the center of gravity to determine whether the cable configuration had
any significant effect on the flight results. Only the sstety c~le
came in from above in these tests.

The test setup for the transition tests in the Langley full-scale
tunnel is illustrated in figure k(b). The arrangement of the power and
control cable and the safety cable was similar to that for hovering
except for the attachment of the csbles to the model{ For the transition
tests, a curved steel rod was attached to the nose of the model and to
the fuselage at a point near the center of gravity as shown in figure 5.
The csble was attached to a pulley which could run on the steel rod from
the nose to a point near the center of gravity as the model went from
hovering to forward flight. With this setup, the line of action of the
drag of the flight cable passed approximately through the center of grav-
ity of the model and did not cause large pitching mcments when the model
WSS in forward flight.

For most of the tests, separate pilots were used to control the model
in pitch, roll, smd yaw in order that they might give careful attention’
to studying the motions of the model *out each of the axes. A few hov-
ering flights were made in this investigation, however, with one pilot
operating all the aerodynamic controls to demonstrate the controllability
of the model tith a single pilot. Two operators in addition to the pilots
were used in flying the model - one to control the power to the propellers
and one to operate the safety cable to maintain a reason~le amount of
slack.

Tests

The investigation consisted entirely of flight tests to study the

s stability and control characteristics of the various configurations of
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the model. The stability and controllabilitywere determined in various
tests either qualitatively from the pilots’ observations or quantita-
tively from motion-picture records of the flights.

The take-off tests were made by rapidly increasing the power to the
propellers until the model rose from the ground. The power operator then
adjusted the power for hovering and the model was stabilized at various
heights above the ground. For the landing tests, the power operator
reduced the power so that the model descended slowly until the landing
geu was about 8 inches above the ground. At this point, the power was
reduced as quickly as possible and the model settled to the ground on
the shock struts.

-—
...
—

Hovering-flight tests were made in still air at a height of 15 to
20 feet above the ground to determine the basic stsbility and control
characteristicsof the model. For all these flights, it was possible .
to obtain the pilots’ opinion of the stability and controllability of
the model. In some of the flights, quantitative indications of the

.

stability of the model were obtained by taking motion-picture records
of the uncontrolled pitching and yawing osciEl_ations. In other flights, .4

quantitative data on the controllabilityof the model were obtainedby
making motion-picture records to show the ability of the pilot to stop
the pitching end yawing oscillations after they had been snowed to build

k

up. Hovering-flight tests at altitude were made with both the overhead-
cable sad trailing-cable techniques to determine whether the cable
arrangement had my significant effect on the uncontrolled motions of
the model.

Hovering-flight tests were also made near the ground to determine
the effect of proximity of the ground on the.flight behavior of the model”.
These tests were made with the tail control surfaces from about 3 to

. 12 inches above the ground. They consisted entirely of controlled flights
since it was impossible to maintain the height of the model in uncon-
trolled flight.

The transition tests were made by starting with the model hovering
in the test section of the full-scale tunnel at zero airspeed. As the
airspeed was increased, the pitch pilot tilted the model progressively
farther into the wind to maintain its location in the test section during
the transition. These flQhts were slow constsmt-altitudetransitions
covering a speed range from about O to 45 @ots, which corresponded to
full-scale airspeeds of about O to 125 knots; Since sm@ sdjustments”or

—

corrections in the tunnel airspeed could not be made readily, the pitch
pilot,and yower operator had continually to-make adjustments to hold the ‘
model in the center of the test section. Flights were also msde in which r

the airspeed was held constant at intermediate speeds so that the sta-
bility and control characteristicsat constant speed couldbe studied.

Q .-
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< Flights were made to determine whether the model could be flown
sideways at fairly high translational speeds. A full-scale airplsme of
this type might have to make a landing approach in this manner because of.
the limited visibility along the Z-axis. The technique used for these
tests was the same as that used for the forward flights. The tests were
started with the model in hovering flight, and as the airspeed was
increased the controls were operated so that the model flew sideways
into the wind. These tests covered a speed range of about O to 10 knots.
These flights were necessarily of Jdmited duration since they took place
while the tunnel speed was building up to the minimmn steady speed of
23 hots providedby the tunnel control.

The center of gravity was arbitrarily set at 0.12 mean aerodynamic
chord for the hovering tests snd was at the leating edge of the mean
aerodynamic chord for the transition tests. The vertical position of
the center of gravity was approximately 0.05 mean aerodynamic chord above
the thrust line for all test conditions.

On either tail, the control actuators moved each surface k15° from
the trim position for either pitch, yaw, or roll control. When the
x-tail was mounted on the model the rudder ~d elevator ,controlswtie
superimposed.

RESULTS AND DISCUSSION

The results of the present investigation are more clearly illus-
tratedby motion pictures of the flights of the model than is possible
in a written presentation. For this reason a motion-picture film supple-
ment to this paper has been prepared and is available on load from NACA
Headqmt=s, Washington, D. C.

Hovering Flight

One of the main results of this investigation was that there was no
noticeable difference in the behavior of the various model configurations
in hovering flight. For brevity and clarity, therefore, in the following
discussion of the hovering-flight tests all configurations tie discussed
as one model and only typical exsmples are given in the figures.

Hovering flight at altitude.- The hovering flights in which one pilot
operated sll the controls demonstrated that the model could be flown sat-
isfactorily by a single pilot without any automatic stabilization. It
was found that a single pilot could fly the model for an indefinite
length of time, and a long flight using this technique is shown in the
film supplement to this paper. Because considerable concentrationwas
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required for the pilot just to fly the model under these conditions, the
*

detailed studies of stability and control ir”this investigationwere made
with three pilots flyimg the model. ● -

In all configurationsthe model couldbe flown smoothly and eaaily
in hovering flight snd couldbe maneuvered to any desired postion in
either yaw or pitch. Figures 6 and 7 present time histories of flights in
which the pilots intentionallymoved the model from one location to
another in the test area and flew it steadiiy for a short time in each
location. Figure 6 presents flights with the unswept wing and +-tail,
while figure 7 presents flights with the swept wing and +-tail. It iS

evident from these records that the pilot could move the model rapidly
from one position to smother and restore it to a fairly steady flight
condition quickly in either pitch or yaw with very little overshoot or
evidence of a tendency to overcontrol.

Time histories of the uncontrolled pitching motions with the +-tail
and yawing motions with the x-tail are presented in figures 8 and 9,
respectively. These figures show that the model had unstable pitching
and yawing oscillations. The the histories are not symmetrical about
the horizontal axis in all cases because the model could not be tri.mned

a

perfectly. The oscillation is superimposed on the aperiodic motion
caused by the out-of-trhn moments. The records shown in figures 8 and 9,
as well as all other figures in this paper, are from flights made with

w

the overhead-c~le arrsmgement. The tests that were made with the
trailing-c~le technique showed that the cable arrsmgement had very little
effect on the uncontrolled motions of the model. Unstable oscillations
occurred with both arrangements and the only noticeable difference was
that the instability of the pitching motion for the trailing-cable
arrangement seemed to be somewhat less than that for the overhead-cable
arrangement.

The pitch and yaw controls in all configurationswere very powerful
and it was relatively easy for the pilot to stop the pitching end yatig
motions of the model. As a demonstration of the controllabilityof the
model, the pilot at thnes allowed the pitching and yawing oscillations
to build up and then applied the controls to stop the oscillation, as
shown in figures 10 and 11. Figure 10 shows the pitching motions being
stopped (with the +-tail) end figure 11 shows the yawing motion being
stopped (with the x-tail). These data ind&ate that the pilot could
stop the oscillations and return the model to a neti verticsl attitude
in less them 1 cycle. The fact that the model did not return to zero
displacement is not significant since the pilot was not making any effort
to stop the model over a particular spot or t.oreturn it to zero dis-
placement. In stopping these oscillations, the pilot had no tendency
to overcontrol or to reinforce the oscillation. The ease with”which he
could stop the oscillations can probably be attributed to the fact that
the periods of the oscillations were fairly long as well as to the fact
that the controls were powerful.

—
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The rolling

tral.lystable in

9

motions of the model in all configurations were neu-
hovering, as would be expected for this t~e of verti-

. tally rising airplane. It was found, however, that the model couldbe
controlled in roll fairly easily, although at times difficulty was exper-
ienced because of abrupt chmges in roll trti occurring at fairly long
intervals. Other models of this type testedby the Langley Free-Flight
Tunnel Section have ~erienced these random trim changes when flown
indoors in the sane test area. When these models were flown outdoors
on a calm day, however, the random trim changes were g??eatlyreduced in
magnitude and caused little difficulty in flying the models. Previous
force tests on the same propellers indicated that the random changes in
trti resulted from fluctuations in the induced flow, particularly near
the periphery of the propeller. These fluctuations in inflow appeared
to be causedby the random recirculation of the propeller slipstream in
the test area.

It might be inferred from these results that full-scale propell.er-
driven airplmes of this general type would qerience difficulty with
roll trim when hovering in gusty winds or in the twbulence created by
the recirculation of the propeller slipstresznfrom nearby structures.

The model, of course, had no vertical-position stability but had
positive rate-of-clti stability because of the pronounced inverse vari-
ation of the thrust of the propellers with axial speed. This rate-of-
climb stability tended to offset the effect of the time lag in the thrust
control so that the model could be maintained at a given height fairly
easily.

Hovering near the ground.- In hovering flight with the tail control
surfaces at least inches above the ground, it was easy to maneuver the
model or to keep it hovering over a spot for a considerable length of
time. At heights less than 6 inches the model was more difficult to fly
and an uncontrollable oscillation often built up in spite of the pilots’
efforts to control the motion. This result might be explainedby the
data obtained on a shilar tail-sitter vertically rising airplane model
previously testedby the Langley Free-Flight Tunnel Section. These data
indicated that there was a reduction and a change in direction of the
slipstream velocity over the rear part of the model as it neared the
groundj this &sage in slipstream velocity caused a reduction in static
control effectiveness and presumably also caused a reduction in the
damping in pitch and YSW.

The ground-effect tests of the present investigation were made with
the center of gravity at 0.12 mean aerodynamic chord. It is probable
that the model would have been more controllable near the ground with a
more forward center-of-gravity location, since experience has shown that
such models tend to be more oscillatory with a rearward center-of-gravity
location.
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Take-Offs md Landings
&

Figure 12 presents time histories of two representative take-offs
and landings in still air. The figure shows the motions of the model

a_

in yaw only, because only one cmnera was used in recording these tests.
The behavior of the model, however, was essentially the same in pitch

—

as it was in yaw during take-offs smd landings. In general, take-offs
and landings were easy to perfomn because the model responded quickly
to control deflection and couldbe maneuvered fairly easily after leaving
the ground. In most of the take-offs, the model nmved sideways just as
it was leaving the ground. The pilot cotid not prevent this motion but
could usually limit it to less than one-half span. This behavior is
believed to result mainly from the fact that the model had little excess
thrust so that it could not take off rapidly and thereby minimize the
time spent at heights at which ground effect_reduced the control effec-
tiveness. Since the control surfaces were trimmed for hovering at a
considerable height above the ground, these settings were not sufficient
for trim in the region where the control effectiveness was low. Landimgs

.

on a given spot could be made accurately with all model configurations.
=

4

Transition Flight

Changing the tail configurationmade no difference in the stability b

and control characteristics of the model;wi~h either the swept or the
—

unswept wing in transition flight. The X- and +-tails, therefore, are
not discussed separately in the following sections and only typical ex&n-

—

pies are given in the figures. There were some differences, however, in
—

the behavior of the model with the swept and with the unswept wings in
transition flight and these differences are, of course, discussed in the
following sections.

Pitch characteristics.-Time histories of two transition flights,
showing the pitching and yawing motions of the model while the forward
speed was slowly increased, are presented in figures 13 and 14. Fig-
ure 13 shows a representative flight of the ,pmdelwith unswept wing and
+-tail, and figure 14 shows a flight of,the model with swept wing and

—

+-tail. Except at the start of the transition, where the pitch pilot
.

had some difficulty at times in keeping the_nodel from nosing up and
drifting back in the test section, the model in all configurationswas

.—

easy to fly in pitch and seemed to have stability of angle of attack
over most of the speed range, At tties, the model would fly “hands-off”
in pitch for reasormbly long periods of time when it was trinmed correctly
and the airspeed was not being changed. The rapid variations in angle
of pitch about the mean value, which are evident in figures 13 smd 14,
did not seem to be causedby poor stability but appeared, rather, to *
result partly from the difficulty in coordinatingthrust and pitch con-
trol as the airspeed increased and partly from overcontrollingbecause

●

.
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the control deflection for pitch was excessive at the higher speeds.
In comparing the pitching motions of the unswept wing as shown in fig-,
ure 13 with those of the swept wing in figure 14, it would seem that the
swept-wing configuration was not as easy to fly smoothly in pitch as the
unswept-wing configuration. This was caused maimlyby the fact that the
yaw and roll pilots were having some difficulty with the swept-wing con-
figuration, which was reflected in the pitching motions of the model and
was not caused by any appreciable differences in the longitudinal sta-
btlity of the model.

A plot of the average variation of trim singleof pitch with airspeed
for steady flight during transition in all configurations is presented
in figure 15. These angles of pitch are averages tsken from the motion-
picture records of several flights at dtiferent forward speeds when the
model appeared to be in steady-flight condition. It was probably neces-
sary to fly at a slightly lower angle of pitch with the model than would
be required for a full-scale airplane to attain the same speed because
of the added drag of the propeller guard and the power and control cable.
It is believed, however, that these differences in operating conditions
will not materially sffect the main results of this investigation.

Yaw cha.racteristics.-It was found that for the unswept-wing con-
figuration the uncontroll.edyawing motion was divergent in the very high
angle-of-pitch range but couldbe controlled easily.. As the forward
speed of the model increased and the angle of pitch becsme lower; the
model tended to become stable h yaw. The record of the yawing motion
in figure 13 does not show the difference between the high and low angle-
of-pitch remges, but the record of the rudder deflections in figure 13
shows that in the high angle-of-pitch rsmge where the yawing motion was
divergent the yaw pilot had to apply control frequently, whereas at
emgles of pitch below 35° the pilot applied fewer control motions and
could let the model wander in the test section for short periods of the.
In this condition the flicker controls seemed very powerful and the con-
trol deflections (which were needed for hovering and for the first part
of the trmsition) were too great for smoth flight. For this reason the
flight records indicate an undue smount of yawing in flight, particularly
at low angles of pitch, which would not be expected to occur with a full-
scale airplane in which small control deflections can be obtafied and in
which the controls can be coordinated smoothly.

The yaw characteristics of the model in the swept-wing configuration
were about the ssme as for the unswept-wing configuration except in the
range of pitch angles between 11-o”and 30°. DI this range the behavior
of the swept-wing configurationwas somewhat erratic in sideslip smd the
model tended to trim on either side of zero yaw and roll. !!histendency
is not clearly shown in the time histories of the yawing motion in
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figure 14, but the control records show that in the ~“ to 30° angle-of-
pitch range both the yaw and the roll pilots were working harder to trim
the model in the swept-wing configuration than in the unswept-wing
configuration.

.

Roll characteristics.-No difficulty was experienced in roll during
the transition flights with the unswept-wing configuration,and at all
forward speeds the model was easier to control in roll than it was in
hovering flight. This was also true for the swept-wing configuration
except in the ~“ to 30° angle-of-pitch range where the aforementioned
sideslipping tendency occurred. In the unswept-wing configurationthe
model seemed to be stable in roll at all forward speeds covered in the
tests and, as shown in figure 13, after trimming the model to account
for the change in trim with speed the roll pilot had to use little or
no control.

As soon as the tunnel air flow started, the random roll trim changes
experienced with all configurations in hovering flight appeqred to be
eliminated. This result is again in agreaent with the results obtained
from stiilar models previously testedby the Langley Free-Flight Tunnel
Section which indicated that even very low forward speeds were sufficient

*-

virtually to eliminate random changes in roll trim.
.

Sideways Flights

There was no noticeable difference in the behavior of the different
model configurations in sideways flight. In all configurationsthe model
was fairly easy to control in roll in hovering flight but, as the side-
ways airspeed was increased, it had an increasingly strong tendency to
diverge in roll and becsme more difficult to keep oriented with one wing
pointed Into the wind. Finally, at a speed of about 10 knots, the model
would roll off and fly on its belly or back despite the efforts of the
roll pilot to control it. This roll-off is illustrated in the film sup-
plement to this paper which shows three representative sideways flights.
Again, data from a similar model show that the tendency’to diverge was
apparently caused by static instability in bank in sideways flight. The
force-test data from the similar model indicated that for sideways flight
there was an unstable variation of rolling-moment coefficientwith angle
of roll which increased with increasing speed. The roll divergence
encountered in flying the present model occurred when the model inadvert-
ently rolled to an angle at which the rolling moment produced by the
instability was greater than the moment that couldbe producedby the
roll control.
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SUMMARY OF RESULTS

The results of a @smic stability smd control investigation of a
general-research propeller-driven vertically rising airplane model which
had swept or unswept wings and X- or +-tails canbe sumuarized as
follows:

1. There was no noticeable difference in the behavior of the dif-
ferent model configurations in hovering flight. In all configurations
the model couldbe flown smoothly and easily in hovering flight and could
be maneuvered readily to any desired position despite the fact that the
uncontrolled pitching smd yawing motions were unstable oscillations.
The pilots could stop these oscillations quickly even after they had been
allowed to build up to a large amplitude because the periods of the
oscillations were fairly long and the control surfaces were powerful.
There was a noticeable reduction in the controllability of the model in
all configurations when it was hovering very close to the ground.

2. Take-offs couldbe made easily and landings on a given spot could*
be made accurately with all model configurations.

. 3. me *acteristics of the~del. intr~sition flight were the
sane with either tail arrangement. Flights through the transition range
could be performed fairly easily with the unswept wing. The pitching
and rolling motions with the.unswept-wing configurationwere easy to
control and the model seemed to have stability of angle of attack and
angle of roll over most of the transition range. The yawing motion was
divergent in the very high angle-of-pitch range but couldbe controlled
easily. As the forward speed increased and the angle of pitch becsme
lower the model tended to become stable in
the swept-wing configuration in transition
as those of the unswept-wing configuration
between ~“ and 30°, where the behavior of
somewhat erratic.

4. It was possible to fly sideways at
with all configurations. Above this speed
lably in roll..

Iangley Aeronautical Laboratory,

yaw. The characteristics of
flight were about the same
except at angles of pitch
the model in sideslip was

speeds up to about 10 hots
the model diverged uncontrol-

—.
National Advisory C!mmitt&e for Aeronautics,

Langley Field, Vs., June 28, 1956. -
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Figure 2.- L-82882.1
Model with unswept wing and x-tail.
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(a) Unswept wing. (b) Swept wing.

Figure 10.- Time histories of model with the +-tail, shoting the ability of the pilot to stop the

uncontrolled pitching motions after they had been alJ.owed to build up.
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